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Objectfves: Currently colour flow Duplex examination f the iliac arteries is at best 84-92% sensitive. In an attempt to 
find a technique toimprove on this sensitivity we have studied the effect of Klean Prep, an iso-osmotic bowel preparation, 
on the Duplex image and Doppler signal obtained when scanning iliac arteries. 
Methods: Twenty iliac segments in 10 arteriopaths were scanned by a blinded observer, after either starving for 12 h or 
having Klean Prep bowel preparation. Grey scale image, colour mapping and Doppler signal to noise ratios were scored on 
a linear analogue system. Each patient was subsequently rescanned after the other method of preparation and was once 
again scored by a blinded observer. The two sets of scores were then compared. 
Results: We found significant improvements in the linear analogue scoring of grey scale images, colour mapping and 
Doppler signal to noise ratios, when using Klean Prep as opposed to starving the patient prescan. 
Conclusions: Preparing patients with Klean Prep before iliac Duplex examination improves the visualisation of these 
arteries. 
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Introduction 
Colour flow Duplex ultrasonography as been shown 
to be extremely sensitive and specific, when compared 
to angiograph~ in the diagnosis of lesions within the 
femoropopliteal segment. 1-3 In addition, the combina- 
tion of colour flow scanning with PGR has been 
suggested to be a cost effective way of selecting 
patients with infrainguinal disease for endoluminal 
procedures. 4 
Although these results are encouraging in the quest 
to replace angiography with noninvasive diagnostic 
techniques, the one area of the peripheral vascular tree 
that is currently difficult to assess is the aortoiliac 
segment. Colour flow Duplex ultrasonography as 
been used to investigate the iliac arteries but the 
3 5-7 reported results ' show that it is not reliable nough 
to be used as the sole means of investigation. 
Factors leading to the failure of colour flow Duplex 
to identify iliac stenoses or occlusions include oper- 
ator factors and patient factors. Operator factors can 
be improved with training and experience. Patient 
factors include obesit~ heavily calcified vessels, tor- 
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tuous arteries, faeces and intestinal gas (which is 
opaque to ultrasound). 
The most easily changed of these factors are the 
faecal and gaseous contents of the bowel. We decided 
to clear the intestine of both solid and gas with a 
bowel preparation. To improve the ultrasound image, 
it was important to leave a waterlogged intestine that 
would transmit ultrasound. Klean Prep (Norgine) is 
an iso-osmotic bowel preparation that works by a 
volume effect. It is not absorbed and so the whole 
volume (4 litres) taken by mouth passes per rectum. 
Theoretically this should clear the faeces and gas 
leaving an intestine full of the solution. If this were the 
case, it should improve the clarity of the colour flow 
Duplex image of the iliac vessels. 
Patients and Methods 
Ten patients with suspected iliac disease were invited 
to join this study. Ethical committee approval was 
obtained locally and the patients gave informed 
consent to this trial. 
Each patient was seen on two separate occasions in 
the Vascular Studies unit where they underwent 
colour flow Duplex scanning (Ultramark 9, ATL, 
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U.S.A.) of their aortoiliac segments. A 3 MHz phased 
array probe (ATL, U.S.A.) was used throughout this 
study. On the first of these occasions the patient had 
starved for 12 h previously, our current method of 
preparing the bowel for iliac Duplex examination. On 
the second occasion the patient was asked to take 2 1 of 
Klean Prep the evening before the scan and the 
remaining 2 1 the morning of the scan. The patients 
were allowed to drink any fluids during this prepara- 
tion but were not allowed to eat. Each patient was 
scanned on both occasions by the same Duplex 
operator, who was blinded to the previous results. 
A linear analogue scale was used to express the 
image quality for each of the three possible modalities; 
grey scale image, colour flow image and Doppler 
signal to noise ratio. The scale used ranged from 0 to 
10. 0 represented that there was absolutely no image 
seen at all and 10 indicated that the image obtained 
was regarded as the best possible by the colour flow 
Duplex machine used. 
A score was awarded to each of the three modalities 
in each of the following anatomical locations: Distal 
aorta, internal iliac artery origin and the proximal, mid 
and distal parts of each of the common and external 
iliac arteries. Therefore in each patient undergoing 
bilateral iliac Duplex scans, 15 scores were obtained 
for each modality; grey scale image, colour flow image 
and Doppler signal to noise ratio. 
Results of the linear analogue scoring for both 
methods of preparation are shown graphically for 
each area of the iliac arterial system. All results were 
compared using the Mann-Whitney U-test. 
Results 
There was a marked improvement in visibility of the 
grey scale image in all parts of the iliac system. This is 
illustrated by two grey scale pictures (Figs 1 and 2). 
Fig. 1 shows a scan after 12 h starving. There is an area 
of faeces and gas in the colon underlying the origin of 
the external i iac artery. The acoustic shadow obscures 
all grey scale image inferior to this area. This acoustic 
shadow is quite well defined due to the nature of the 
bowel contents in this particular patient. Often there 
are many smaller acoustic shadows overlying the 
vessels, adding cumulatively to a poor image of the 
artery. Fig. 2, in contrast, shows the grey scale image of 
the bifurcation of the common iliac artery into external 
and internal iliac arteries after preparation of the 
bowel with Klean Prep. 
Analysis of the linear analogue scores for grey scale 
image (Fig. 3) show that the right iliac arteries were 
more clearly observed than the left, with the left 
common iliac, internal iliac and proximal external i iac 
arteries being the least clearly seen. Preparation with 
Fig 1. Grey scale Duplex of iliac system after preparation by 12 h fasting (CIA = common iliac artery, EIA = external iliac artery) 
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Klean Prep improves all of the areas scored, partic- 
ularly those areas on the left side of the pelvis. This is 
likely to be due to the clearing of gas and solid 
material f rom the s igmoid colon by  the iso-osmotic 
bowel  preparation. 
Statistical analysis of these scores using the Mann-  
Fig 2. Grey scale Duplex of iliac system after preparation by Klean Prep (CIA = common iliac artery, EIA = external iliac artery, 
IIA = Internal iliac rter35 EIV = external iliac vein) 
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Fig. 3. Linear analogue scores for the grey scale image of each part of the iliac system. Comparison between 12 h starving (i) and Klean 
Prep ([~) preparation. *p <0-05 (Mann-Whitney U-test). 
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Whitney U-test (Fig. 3) showed there to be a sig- 
nificant (p < 0.05) improvement in the scores for grey 
scale in the proximal and mid right common iliac 
arter)~ proximal mid and distal portions of the left 
common iliac arter)6 origin of the left internal iliac 
artery and proximal and mid portions of the left 
external i iac artery, when Klean Prep is used. 
Linear analogue scoring of the colour flow mapping 
of the iliac arteries (Fig. 4) once again shows an 
improvement with Klean Prep over preparation by 
starving. This reaches tatistical significance (p < 0-05) 
in all three parts of the right common iliac arter)~ the 
distal aorta, distal left common iliac artery, origin of 
the left internal i iac artery and all three portions of the 
left external i iac artery. 
Similarly the Doppler signal to noise ratio was 
improved by Klean Prep (Fig. 5) with statistically 
significant (p < 0.05) improvements in five out of the 
six portions of the common iliac arteries, the distal 
aorta, the proximal external iliac artery on the right 
and the mid external i iac artery on the left. 
Discussion 
Colour flow Duplex ultrasonography is becoming the 
diagnostic method of choice for investigating the 
peripheral arterial system. It has the advantages over 
angiography that it is non-invasive, is less expensive 
in capital outlay and running costs, requires less staff 
and does not involve ionising radiation. 
Its accuracy in the diagnosis of stenoses and 
occlusions in the femoropopliteal rterial segment 1-3 
and in infrainguinal bypass grafts 8'9 has been well 
recorded. However, for the colour flow ultrasonog- 
raphy to replace diagnostic angiography completely it 
will have to prove to be as sensitive and specific in 
identifying lesions in the aortoiliac segment. Non- 
visualisation of the iliac arteries limits the diagnostic 
information obtained using colour flow Duplex. 6'1° 
The best figures for sensitivity in this region are 
around 84--92%. 3"5-7 
Factors impeding accurate iliac examination with 
Duplex can be grouped into three main areas; techni- 
cal factors, operator factors and patient factors. 
Technical factors include the power and resolution 
of the colour flow Duplex machine that is being used 
and the anatomy of the iliac arteries. Colour flow 
machines are continually being upgraded and the 
newer models continue to substantially improve the 
resolution of the  image compared with their older 
counterparts. The iliac arteries lie with a concave 
orientation corresponding to the convexity of the 
phased-array probe. This makes it very difficult to 
obtain a useful Doppler angle during insonation. 
Operator factors include the training and ability of 
the person performing the scan. Teaching and experi- 
ence of the vascular technician can overcome a great 
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Fig. 4. Linear analogue scores for the colour mapping of each part of the iliac system. Comparison between 12 h starving (.) and Klean 
Prep (El) preparation. *p < 0.05 (Mann-Whitney U-test). 
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many of the problems associated with the anatomy of 
these vessels. 
Patient factors can be easily summarised as obesity, 
faeces and gas. These are more amenable to being 
changed in the short term and so in an attempt o 
improve the sensitivity of iliac Duplex examination, it 
is these factors that we have addressed. Although little 
can be done to change obesity within a matter of a few 
weeks, faeces and gas can easily be removed from the 
bowel. The intestinal structures overlying the iliac 
arteries are the caecum and small intestine on the right 
and the sigmoid colon and small intestine on the left. 
Therefore to remove faeces and gas from both small 
and large intestine, a bowel preparation must be 
used. 
In choosing a bowel preparation for this purpose a 
non-gas forming one must be selected, as gas does not 
transmit ultrasound. Stimulative laxatives may theo- 
retically empty the bowel of faeces but leave gas 
throughout the gastrointestinal tract rendering it 
opaque to ultrasound. 
We therefore chose to study an iso-osmotic solution 
of polyethylene glycol and electrolytes (Klean Prep, 
Norgine). The rationale for this choice was that the 
Klean Prep works by flushing through the bowel 
without being absorbed and thus removes both gas 
and faeces. The bowel should then be mainly empty 
and those areas that are not empty should be full of 
the solution. This is able to transmit ultrasound and 
hence this should allow the iliac vessels to be viewed 
with clarity. 
This study has shown that the hypothesis outlined 
above works in the clinical setting. As can be seen 
from the results, the images of the iliac vessels een on 
both grey scale and colour flow investigations are 
markedly improved by the use of Klean Prep, as are 
the Doppler signal to noise ratios obtained uring the 
examination. 
This study has shown that the clarity of the images 
of the aortoiliac segment obtained by colour flow 
Duplex are markedly improved by the use of Klean 
Prep. We are currently investigating whether this 
improvement in image quality is able to reveal arterial 
lesions that may be hidden by bowel contents, and 
therefore increase the sensitivity of colour flow 
Duplex examination to near that of angiography. If
this proves to be the case, colour flow Duplex 
examination utilising Klean Prep will be able to 
replace diagnostic angiography for lower limb 
ischaemia. 
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Fig. 5. Linear analogue scores for the Doppler signal of each part of the iliac system. Comparison between 12 h starving (Ill) and Klean Prep 
([3) preparation. *p < 0'05 (Mann.Whitney U-test). 
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